The larvicidal activities of essential oils from the leaves of Artemisia vulgaris L., Cymbopogon flexuosus (Nees ex Steud.) Wats. and Piper tuberculatum Jacq. were evaluated using third-instar larvae of Aedes aegypti. The essential oils were obtained by hydrodistillation and analyzed by GC and GC-MS. The essential oil of P. tuberculqatum had the lowest LC 50 value (106.3 ± 2.2 μg/mL), followed by that of A. vulgaris (114.1 ± 1.7 μg/mL) and C. flexuosus (121.6 ± 0.8 μg/mL). The results show that these essential oils may be potent sources of natural larvicides.
Aedes aegypti, a vector of dengue, is widely distributed in tropical and subtropical zones [1] . The lack of vaccines and an effective drug for dengue focuses more attention towards vector control, the main strategy to prevent or contain disease outbreaks [2] . The continued use of synthetic insecticides for vector control has resulted in the growing incidence of insect resistance [3a] and had an adverse effect on the the environment [3b] . Plant products constitute a class of potential larvicidal compounds [3b, 4a-4c] ; and, in the search for essential oils with larvicidal activity against Aedes aegypti, we have evaluated the activity of the essential oils from the leaves of Artemisia vulgaris L., Cymbopogon flexuosus (Nees ex Steud.) Wats. and Piper tuberculatum Jacq.
The yields of essential oils obtained by hydrodistillation of fresh leaves of A. vulgaris, C. flexuosus and P. tuberculatum were 0.04%, 0.26% and 0.02%, w/w, respectively, in relation to the dry weight of plant material. The three essential oils were analyzed by GC and GC/MS ( Table 1 ).
The A. vulgaris essential oil, on GC analysis, showed twenty-nine peaks out of which twenty-seven, representing 90.7% of the oil, were identified. This essential oil was constituted predominantly of sesquiterpene hydrocarbons (39.5%), but the amount of oxygenated monoterpenes (28.2%) was notable. The major compounds identified were (E)-caryophyllene (20.7%), γ-muurolene (8.9%), 1,8-cineole (6.9%) and chrysanthenone (6.5%). A number of earlier studies showed large variations in the chemical composition of essential oils from leaves of A. vulgaris [4d-4f] . The main component differed according to various phyto-geographical origins. The oils of A. vulgaris from France are rich in  and -thujone, 1,8-cineole, camphor, terpinene-4-ol and borneol; those from India in  and -thujone, p-cymene and camphor, while in those from Poland the major compound is 1,8-cineole and in those from England it is linalool [4f].
Eleven compounds representing 74.2% of the oil were identified in the essential oil of C. flexuosus. As can be seen from Table 1 , a high percentage of oxygenated monoterpenes (72.4%) was detected in the essential oil, with geranial (36.9%), neral (29.6%), and geranic acid (4.5%) as major constituents. Previous studies on the leaf essential oils of C. flexuosus have been reported [5a-5b] , but there were some differences in their chemical compositions. The leaf essential oil of C. flexuosus from Vietnam was characterized by a high content of neral (24.1%) and geranial (39.2%) [5a] . On the other hand, in the leaf oil from India, the most abundant constituents were isointermedeol (25.0%), geraniol (20.1%), geranyl acetate (12.2%) and -bisabolol (8.4%) [5b].
In the oil of P. tuberculatum, rich in sesquitepenes (82.9%), the main constituents identified were (E)-caryophyllene (44.9%), γ-muurolene (10.3%), -pinene (7.4%) and -pinene (7.1%). The large abundance of sesquiterpenoid compounds in the leaf essential oil of P. tuberculatum is in accordance with previous findings [6a,6b] .
The larvicidal activity of the essential oils was determined against third instar Aedes aegypti larvae. The essential oils of leaves of A. vulgaris, C. flexuosus and P. tuberculatum exhibited LC 50 values of 114.1 ± 1.7 μg/mL, 121.6 ± 0.8 μg/mL and 106.3 ± 2.2 μg/mL, respectively.
O,O'-(Thiodi-4,1-phenylene)bis(O,O-dimethyl phosphorothioate (Temephos® ) was used as a positive control (LC 50 1.4 + 0.2 g/mL). The differences in the toxicity of the essential oils tested are due to both qualitative and quantitative variations of the components. The main constituents found in the oils of P. tuberculatum were sesquiterpenes and several studies have shown that sesquiterpenoid compounds possess significant larvicidal activity against A. aegypti [7] . The results of the present study can be useful to promote research aimed at developing new natural larvicidal agents for the control and eradication of A. aegypti. 
Extraction of essential oils:
Fresh leaves of all specimens were separately subjected to hydrodistillation for 2 h in a Clevenger-type apparatus. The obtained essential oils were dried over anhydrous sodium sulfate and stored under refrigeration until tested.
Analytical conditions:
The experimental conditions for GC and GC-MS analysis were quite similar to those reported earlier [4b].
Identification of individual components of the essential oils was performed by computerized matching of the acquired MS with those stored in the NIST21 and NIST22 mass spectral library of the GC/MS data system. Retention indices (RI) for all compounds were determined according to literature [8a] for each constituent, as previously described [8b] . Larvicidal activity was tested as per details given in one of our earlier publication [4b].
